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ABSTRACT

This final report -- Experimental Results -- describea'tlie work performed on
U. 8. Air Force Contract AF 30(602)-3946 in the area of data reduction and data
analysis of the experimental measurements from the mode reliability, mode loss,
spectrum, azimuth of arrival, and noise/interference experiments. The Expanded
Little IDA Program has been a continuation, as well as an expansion, of the effort
previously carried out under U. 8. Air Force Contract AF 30(602)-3360 to investigate
the characteristics of ionospherically propagated HF signals. The long term ob-
jective of these studies is to provide more accurate estimates of the major environ-
mental factors needed for improved over-the~horizon radar system design. A
separate final report is being issued covering the instrumentation that has been
employed to meet the requirements of this program.

This report begins with a description of how the experimental results can be
applied to the system design of over-the-horizon radars of the backscatter type and
discusses the subject of confidence limits for the experimental measurements.
Experimental results gathered for the mode reliability experiment over the Coco
Solo (Canal Zone) to Stockbridge/Starr Hill (New York) path from December 1965 to
August 1967 and over the Thule (Greenland) to Stockbridge/Starr Hill path from
December 1966 through May 1967 are presented on 2 seasonal basis. The relation-
ship of the excess loss for 2E propagation over the Coco Solo path with the ratio
f/MUF is reviewed.

The coherence times obtained from the spectrum experiment for various modes
of propagation existing over the Coco Solo path and Thule path are discussed. Some
initial experimental results using the modified azimuth of arrival equipment are
presented. Data collected during 1967 on the two ARN-2 noise receiving sets located
at Starr Hill are provided, as well as some initial results using the noise/interference

receiver.
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EVALUATION

A very important area of interest to those concerned with
surveillance and control systems is the concept of over-the-
horizon radars and the problems peculiar to those radars. A
considerable amount of effort has been expended by the Air
Force over the past several years to prove the feasibility

of the OHD concept. 1In spite of the significant efforts in-
the equipment and technique areas and although the concept

of OHD has been proven feasible, many serious uncertainties
still exist about the propagation medium, i.e. the ionosphere.

The objective of this particular effort was to collect, reduce
and analyze the propagation data required for the design and
operation of over-the-horizon backscatter radars. The major
experiments that were to be performed were mode availability
and reliability, frequency aperture availability, mode loss,
azimuth of arrival fluctuations, spectrum broadening and
noise/interference statistics. These experiments were to be
conducted over paths covering a variety of geographic areas
encompassing the full gamut of possible environmental condi-
tions that could be expected to be experienced by future OTH
radars.

The paths that were established were Thule, Greenland to
Starr Hill, New York; Keflavik, Iceland to Starr Hill; and
Panama Canal Zone to Starr Hill.

Unfortunately, this program was beset by many technical and
logistical difficulties during the design and implementation
phase. As a result, only a limited amount of data were
collected over the Panama to Starr Hill and Thule to Starr
Hill paths and no data were collected on the Iceland to Starr
Hill path. The data that were collected were limited to mode
loss, mode reliability, aperture availability and spectrum
information.

A follow-on program, (Environmental Studiesfor OHD) has been
implemented and is now underway. Data are presently being
collected on all experiments and over all three propagation

paths.

/2,72-( A ?é"'
K;OBER A. MATHER

Contract Engineer
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SECTION I
INTRODUCTION

This final technical documentary report -- Experimental Results --
reviews the work performed on Air Force Contract AF 30(602)-3946, under the super-
vision of the Rome Air Development Center (RADC), in the area of data reduction
and data analysis of the experimental measurements. This program has been a con-
tinuation, as well as an expansion, of the effort previously carried out under Contract
AT 30(602)-3360 (also directed by RADC) to determine the characteristics of ionospher-
ically propagated high frequency (HF) signals. The long term objective of the Expand-
ed Little IDA program is to provide more accurate estimates of major environmental
factors needed for improved system design of over-the-horizon radars (OHR) of the
backscatter type. This is the final in a series of technical documentary reports
issued covering the work being performed on this contract; the previous reports (ref-
erences 1 through 7) were devoted to either the new equipment being furnished or the
experimental results. The new instrumentation that has been being designed, built,
delivered, and employed to meet the requirements of this program has been described
in references 1, 3, 5, and 7. Reference 7 is another final report on this program
and contains a detailed description of the equipment employed.

Overall and detailed descriptions of the five major experiments that have been
conducted on this expanded program are provided in reference 2. These are the
Mode Reliability Experiment, the Mode Loss Experiment (including signal character-
istics), the Spectrum Experiment, the Azimuth of Arrival Experiment and the Noise/
Interference Experiment. Basically, the abjective of the mode reliability experiment
is to determine the ""availability" of the lower order dominant modes (such as 1F2,
2F2, 2E, and N) for 2000-nmi paths. Similarly, the goal of the mode loss experiment
is to determine the losses associated with these same modes and other significant sig-
nal characteristics such as polarization sensitivity. The spreading and the signal
coherence for various propagated modes are obtained from the results of the spectrum
experiment. The azimuth experiment is intended to measure the azimuthal angular
statistical characteristics of thcse same signals. Inherent to the design of any com-
munications or radar system is the noise level with which it must contend. For this
reason, an experiment has been conducted to more precisely determine the noise and




interference environment in which an OHR system must operate. Results for a num-
ber of the above experiments have been reported in detail in references 2, 4, and 6.

To conduct these experiments, three remote transmitting sites have been installed
that are approximately 2000 nmi (3704 km) from a receiving site located in central
New York. (Appendix V contains a tabulation of the more precise values of distance
and also bearing between the various sites of interest.) The remote sites have been
situated so that measurements may be made on HF paths that pass through the auroral
zone and extend into the tropics. A site at Coco Solo, Canal Zone -- which was pre-
viously employed on the Little IDA Program -- was in operation for most of the pro-
gram, permitting the collection of data on HF signals transmitted over a 2000-nmi
north/south path. This is an example of a temperate/tropical path approximately
parallel to the earth's magnetic field. A second remote site, at Thule, Greenland,
became operational during the latter part of the program and was employed to obtain
data on 2000-nmi HF signals that pass through the auroral zone. In order to adequately
sample in the northern region of interest, a third distant site was installed at
Keflavik, Iceland, which permits a more detailed experimental study of propagation
effects near the outer edge of the auroral zone. This also represents a 2000-nmi path
from the central New York receiving site which was located at the RADC Starr Hill
Test Annex at the completion of this program. Until the beginning of March 1967, the
receiving site had been situated at the RADC Stockbridge facility, approximately
40 km south of Starr Hill.

The utilization of the experimental data gathered on this program for improved
OHR system design and for the determination of OHR performance is dis-
cussed. From the basic radar range equation, key parameters and relationships that
should be established from the experimental measurements are pointed out. One of
major importance is the correspondence between propagation loss and the noise/
interference level. How the actual data might be grouped for presentation of the in-
formation is also described with a number of examples given. Of major concern to an
endeaver of this type are the confidence limits that should be associated with the ex-
perimental measurements. This matter is discussed in considerable detail with an
example provided of the number of samples needed to obtain a certain measurement
accuracy with a certain level of confidence.
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The experimental results collected over the Coco Solo to Stockbridge/Starr Hill
path for the mcae reliability experiment from Dececmber 1965 to August 1967 are dis-
cussed in considerable detail in Section II. Also included are mode reliability results
for the Thule to Stockbridge/Starr Hill path from December 1966 through May 1967.
The information for this experiment is derived from oblique soundings made over these
paths. The modes of propagation that have received the most attention are the 2E,
1F2, N, 2F2, and (recently) the 2Es' The data are presented on a seasonal basis.
Some of this information was presented in references 2, 4, and 6 on a monthly basis.
The measured hourly mode availability for each of the dominant modes is shown, as
is their frequency aperture and MOF or JF availabilities for probabilities of occur-
rence of 90, 50, and 25 percent assuming that the particular mode in question exists.
The data base for this experiment will be reviewed on a seasonal basis indicating the
number of samples available as a function of time of day for each of the dominant
modes. The percentage of time that various combinations of modes are not available
on the Coco Solo path is presented; it is pointed out that every time measurements
were taken at least one of the following modes was available: 2E, 1F2, and 2F2, A
statistical summary of the various mode reliability results is provided on a seasonal
basis dividing a 24-hour day into three major time periods: daytime, nighttime, and
dusk. This section of the report concludes with a discussion of an investigation to re-
late various mode reliability results to different natural factors such as solar flares

and magnetic disturbances.

The additional loss term developed in reference 4 to describe the '‘excess'' loss
measured for the 2E mode of propagation over the Coco Solo path has been modified;
the resulting equation is presented in Section IV, Further analysis of the mode loss
measurements has been performed using the data collected over the Coco Solo path
between February 1966 and February 1967. A comparison between the loss term
mentioned above and a compilation of the 2E measurements is made which indicates

very good agreement.

Signal coherence data obtained on the spectrum experiment for the period 23
September 1966 through 7 July 1967 are presented in this report. The Coco Solo to
central New York data are available for this entire period, while Thule to Starr Hill
data are available for the period 26 April through 7 July 1967. System configuration




changes since the last experimental* report are also discussed. The cghei'ent inte-
gration loss factor, Ll' associated with coherently integrating a received pulse train
of partially incoherent pulses is discussed and used to show that the definition of sig-
nal coherence as numerically equal to one-half the half-amplitude width of the normal-
ized signal autocorrelation function is indeed an adequate and desirable measure of
signal coherence. Results for the processing gain obtained using various types of
signal integration for an example OHR system are also discussed.

Initial results were obtained during the early part of 1968 for the azimuth of
arrival experiment using transmissions from the Coco Solo site. As described in
reference 5, the use of two separate receivers for this experiment has been discon-
tinued. hstead, both signals from the two arrays that comprise the interferometer
are being time multiplexed through one receiver. These first findings for this experi-
ment are presented in Section VI.

The noise/interference experiment is discussed in Section VII, starting with a re-
view of the experimental design considerations including the objective for this experi-
ment and the basic equipment configurations employed for this task. This experiment
can be broken down into two parts: one concerned with atmospheric noise measure-
ments obtained using two ARN-2 noise measuring receivers furnished by ESSA, and a
second with noise/interference (N/I) data collected over the range from 4 to 39 MHz
using a specially built dual-channel receiver. The methods of measurement employed
with these two types of receivers are described as well as the resulting output format
for the data. The results obtained using the ARN-2 receivers over a period of eight
months are presented. These were obtained from measurements made using both the
standard whip antenna and the directional antennas located at the RADC Starr Hill Test
Annex. Results of measurements made from mid-September to mid-October using the
N/I dual channel receiver are also included.

Conclusions based upon the experimental results are contained in this report for
the five major experiments conducted on the Expanded Little IDA program.

*Reference 6




SECTION II
SYSTEM UTILIZATION

1. THE IMPLICATIONS OF OHR DEFENSE MISSIONS ON THE ELIDA EXPERIMENTS

Experiments on the HF environment as related to the utilization of over-the-
horizon radar for various defense missions can best be categorized as follows:

1. Those that relate primarily to OHR systems' performance reliability,
and

2. Those that primarily affect the specific design of the OHR system.

The first type involves those environmental factors which primarily influence the
reliability with which an OHR can perform its mission. The second type provides en-
vironmental information that primarily affects the design of the total system and/or
individual radars. Obviously, the second type are related to the first, but their
primary utility is for dosign purposes. Key environmental experiments are
categorizerl according to the above criterion in Table I.

TABLE I

RELATIONSHIP BETWEEN ENVIRONMENTAL EXPERIMENTS
AND OHR SYSTEM CONSIDERATIONS

EXPERIMENT TYPE*
MODE RELIABILITY
Mode Avalilability P
Mode MOF-JF Avallability D
Frequency Aperture Availability D, P
MODE LOSS
Loss P, D
Polarization D
Fading Characteristics D

*The order indicates the priority of utility. P signifies performance, D - design.
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TABLE [ (concluded)

MODE SPECTRUM

- A -

Coherent Integration Time ‘ . P,D

Clutter Rejection P, D
AZIMUTH OF AFRIVAL

Tracking Accuracy ' D, P
NOJISE/INTERFERENCE

Noise Characteristics (Both atmospheric and interference) P,D

Clear Channel Availability- . D, P

Interference Characteristics ' D

Concerning experiments related to performance (type P), a useful performance
measure is:
Radar Reliability

1}

P (one or more usable modes)

P(Aor Bor Cor D) @)
1-P (A, B, C, and D)

where A, B, C, and D describe the 1F2, 2F2, 2E, and N mode usabilities and "not"

A ('A-). etc., imply that the respective mode is not usable.

From an experimental standpoint, it is convenient to collecf data on the "dominant
mode'' (x) observed to exist at a particular time and assume that, when mode x is not
usable neither are any of the other dominant modes available. * Then, by proper

* The dominant mode i that mode identified by the experiment operator in real time

as being the strongest, stable, lowest order mode existing at a particular time as de-
termined from an oblique sounding along with an experience factor. From experience

on the Coco Solo path, the dominant modes are the 2E, 1F2, and 2F2 with the occurrence
and reliability of the N and 2Eg modes not as good. For the purposes of this analysis,
four dominant modes will be considered as indicated above.
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manipulation of the data collected, P(A, B, C, and D) can be determined, presented
statistically for the data collection period, and extrapolated to other time fremes
and geographical regions. '

] b It is assumed that the probability that there are no usable modes can be formed
as follows: R
f ° P(K: ﬁ:(-:: lnd-ﬁ)=P(;) :
:
= P(x does not exist or SNR<M when x exists) (2)

= P(x does not exist) + P(SNR<M when x exists)
= P(x does not exist) + P(SNR<M) P(x)
where
1. x is the dominant mode,

2. Existence implies that the mode is visible in the sounder output with a
minimum frequency aperture,

3. Mode existence and signal-to-noise ratio (SNR) have been assumed to be
mutually exclusive, and

4. M is the minimum acceptable SNR based on known system parameters.

P(x does not exist) = 1 -~ P(x exists) can be determined from mode reliability
data collected using the oblique sounding records. For x to exist at a particular
measurement time, at least one mode of the four (4, B, C, or D) must exist with
a frequency aperture of at least 1 MHz. The 1-MHz lower limit on aperture require-
ment is based on considerations of mode stability, clear channel availability, and
mode identification.

. Turning next to the significance of SNR on the usability of mode x, consider the
radar range equation:

2
- ) Pop Gp G Tho

SNR =
(4m° R KTo NF Lg Lp Ly

3)
k
= =M for satisfactory performance
Lpri NF
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where
k is a constant involving all the system constants such as average power (PT).
combined antenna gain (GT, GR), integration time (T), range (R), target cross
section (0), system loss (Ls)’ etc.

Lp is the propagation loss over and above two-way spreading loss [%d, -

Li is coherent integration loss associated with the signal spectrum,

NF is the system noise factor (re kTo) involving man-made, galatic, and
atmospheric noise

Equation (2) requires knowledge of P (SNR<M when x exists) =

k
P [W <M when x exista]

P [m <¥ when x exists] )

P [ LpLi NF>n when x exists]

where
n =

©®)

Zl=

Since Lp ’ Li , and NF are not known to be independent, the measurement of these
parameters should be combined for each measurement time to form a single factor.
The statistical behavior of this factor is the quantity that must be measured as a
function of time of day, season, ionospheric state, etc., and extrapolated to other
time frames (SSN's) and geographical locations (bearings). Since the losses, Lp
and Li , can be measured only at one frequency at a time, the actual measurement
may not be at the optimum frequency; thus, it will be necessary to use a ""boot
strap" technique, where




the collected data are used to determine the optimum frequency (for example, a
particular fraction of the dominant mode MOF or JF). Having found the optimum
frequency relationship experimentally, the collected loss data can be adjusted to the
optimum frequency. Since the clear channel noise level is measured at various
fractions of the MOF or JF, the correct noise levels will be available to use with the
adjusted loss measurement. By proper execution of key experiments along with
appropriate data reduction and analysis, it should be possible to extract the desired
statistic.

The following figures are examples of the type of experimental output »t_htt are
desired. The measured existence of a dominant mode as a function of time of day, for
winter , SSN = 70, and a particular path is shown in Figure 1. The cumulative proba—
bility function of 10 log10 L pLi NF for particular hours of the day, season, m,
and path is shown in Figure 2. Figures such as these are desirable for all measure-
ment conditions (seasons, SSN, etc.). The method for extrapolating these data to
other time frames (ﬁ) and geographical locations is also necessary so that the
system designer can evaluate hypothesized OHR systems.

Referring to the experimental breakdown discussed previously, it may be seen
that frequency aperture availability and clear channel availability contribute to the
OHR system performance in a secondary fashion. An attempt was made to account for
their influence by requiring that at least a 1-MHz frequency aperture exist on a par-
ticular mode in order that it be classed as existing at a particular measurement time.
This assumption simplifies the radar reliability relationship to a manageable form in
terms of the experimental requirements. A somewhat optimistic assumption will be
made that the lowest noise level measured to exist on any 4-kHz channel in the par-
ticular 1-MHz subband under examination using the noise/interference experiment is
used for the "NF" term of Equation (4). From another viewpoint, this assumption
maybe considered conservative because an interference level is employed to determine
the operating noise level for an OHR system rather than using atmospheric noise
(as reported in reference 8, for instance). While the percentage of channels that
approaches the true atmospheric/galactic noise level is of interest from a system
design standpoint, it is not essential to the radar performance relationship. Further,
requiring at least a 1-MHz frequency aperture on a particular mode insures that the
mode is minimally stable; i.e. , small electron density changes in the ionosphere
should not "knockout'' the mode. It is doubtful that an operatioral radar could take




P (X EXISTS) —»

WINTER SEASON
§¥R = 70

PATH BEARING: NORTH 3
PATH LENGTHS 2000 NI

0.8

0.6 - £ ¢ CONFIDENCE INTERVAL
o4 -
0.2 :
0 I . , oy
0 ¢ 12 1] 24

t (LOCAL TIME — HR) —P

Figure 1. Dominant Mode Existence
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advantage of modes with smaller frequency apertures, as they would be too time
variant. In consideration of these factors, it appears reasonable (and legitimate) to
require at least a 1-MHz aperture on each mode and use the lowest noise level
measured (which may be man-made, galactic, or atmospheric noise) in the appropri-
ate 1-MHz subband.

Proper attention must be given to certain of the enviroﬁmental factors in the
OHR design in order that the measured and/or predicted reliabilities may be achieved.
A good example of such a facto: is the mode MOF or JF availability. The system
designer must have valid information on the range of expected operating frequencies
in order to specify the required radar frequency range. This is best provided with
information on the diurnal behavior of the monthly median MOF or JF for each mode,
together with the respective statistical distributions about these medians for each
month (or season,whichever is more applicable). Figures 3 and 4 depict the t&pe of
data and format that would be useful to the system designer. Figure 3 depicts the
diurnal characteristics of the median JF for the 1F 2 mode under certain conditions,
and Figure 4 depicts the cumulative probability function of the random variable, JF,
normalized to the median value for the JF. As shown, the diurnal characteristics
have been grouped into three time blocks (day, night, transitional); however, the
validity of any such grouping must be confirmed from the collected data. It should be
\mentioned that such a grouping has been employed to analyze the mode reliability
‘esults as discussed later in this report.

: Frequency aperture availability was previously discussed as it relates to the
radar performance; however, it also may influence system design. The design in-
fluence may occur in at least two ways: the ""quasi~instantaneous' operating band-
width, and the frequency scheduling of multiple radars making up the total OHR
system. In regard to the first, some knowledge of the available operating frequency
aperture is necessary to specify the frequency bandwidth over which the radar must
be prepared to select clear channels, set up, and operate in a ''quasi-instantaneous"
fashion. '"Quasi'' is used to denote the fact that the transmitted waveform does not
require this instantaneous bandwidth; rather, the radar must be capable of setting up
and operating in any portion of this Landwidth in a relatively short time (i.e., a
small amount of time for switching may be tolerable). With regard to the second
point, it is most likely that many essentially independent radars will be collocated to

provide surveillance of a given portion of the total threat region. To the extent that

11




7210 LOG g (L, L NF)
WINTER SEASON

1.0%= m s 70
PATH BEARING: NORTH
- PATH LENGTHz2000MMI
DAYLIGHT WRS
0.8~ HODE: P2

- 0.8
l; &= « CONFIDENCE m'rmagt_ 4 /
oy
= e
0.4
0.2
5 - -"'"1 i L
-10 0 +10 +20

r(ds)—>»

Figure 2. Cumulative Probability Function of 10 Log10 (LpLi NF)
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ionospheric conditions are similar over several of the paths used by the different
radars, suitable attention must be given to frequency scheduling to prevent cross-
radar-jamming. In this context, then, knowledge of the available frequency aperture
is important to the system designer. For the same reason, the number of "clear
channels' available in a given band is important information. The type of frequency
aperture availability information that would be useful is shown in Figure 5.

The mode loss and spectrum experiments have been assumed to relate pri-
marily to performance. however » for obvious reasons, they also relate rather: dire"tly
to system design. The propagation loss and coherent integration loss (from the
spectrum experiment) in conjunetic_m with the noise level and other factors such as
range, target cross section, etc., are essential to the specification of the required
"radiated" energy (G P'I‘) for the radar. They are also useful in estnblishing
target signal levels thnt the receiver/signal processing will have to handle, thereby
in part establishing the necessary gain, dynamic range; ard linear operating range
for this equipment. The information from the spectrum experiment is also useful in
assessing the accuracy to be expected in target velocity measurement 7 plutter spectral
properties for clutter filtering, and temporal coherent mtbgration times.

Examples of useful formats are shown in Figures 6, 7, and 8. The cumulative
distribation functions conveniently summarize the mode !oss and spectrum/temporal
coherence data for system design usage. Grouping the data according to limited
f/JF or {/MOF regions for the various modes, as shown in Figure 6, is used only
as an example of what may be necessary to account for any frequency dependence.

The polarization characteristics of the energy arriving over the horizon from
the extended ranges has implications on the design both of the OHR antenna and signal
processing. In the event that the received energy for a particular mode shows a
consistent preference for one polarization, it is logical to take this into account in
the antenna design. Likewise, if there is no long term polarization preference, but
the fading between the two receive polarizations is decorrelated or negatively
correlated, diversity reception techniques can be used to advantage to improve de-
tection and tracking performance. The type of information and format that would be
useful to the OHR system designer to assess this particular effect is shown in
Figures 9 and 10. The data grouping indicated (winter months, 8SN , daylight hours,
etc. ) is only used for convenience; the actual experimental data must be used to
determine the final grouping.

13




JF (MHz)—P

MEDIAN

50

S
o

[T
o

= .
WINTER SEASON
ssN =70

L PATH BEARING: SOUTH d
PATH LENGTH 3 2000NMI
MODE: IF2

=

.

1 1 ] ]
o 6 1”2 e 24

t (LOCAL TIME — HRS)—P

Figure 3. Diurnal Variation of Median IF2 JF
for Winter Months

14




In a similar manner, the signal level fading characteristics are essential to
proper system design. Figures 11 and 12 are examples of the type of eiperimentel
information that is desirable. The measured cumulative probability function of
signal level for a particular class of received signals which would be useful in
assessing the effect of expected signal strength variations about the median is shown
in Figure 11. The probability density of the temporal autocorrelation [p(r ) =0. 5]
of the reczived signal level (magnitude only, not phase) for a particular mode, etc. ,
is shown in Figure 12. This latter information is useful in the design of an OHR
system which must operate in a search mode such that "scan-to-scan" target cor-
relation is important.

The azimuth of arrival of the various modes has implications on both design
and performance. In a search type OHR, that scans over the region of interest,
knowledge of off-great-circle-path propagation is important in the specification of
the antenna beamwidths and scanning geometry/schedule, as well as for determining
the basic positional accuracy that OHR targets can be meeeured at the extended
rc \ges. The type of information and format that would be useful for assessing the
effects of off-great-circle-path propagation is shown in Figures 13 and 14.

In addition to the effects on system performance, the noise/interference char-
acteristics at frequencies required for illumination of the extended ranges across
the threat region of interest can have a significant effect on system design. The
actual noise levels and interference levels/distributions are necessary to specify
the receiver noise figure, dynamic range, and linear operating range. The statistics
on clear channel availability can have significant effects on the geographical deploy-
ment and scan scheduling of the individual radars that make up to a total OHR net-
work. The type of information that would be useful to account for tae noise/inter-
ference effects in the system design is shown in Figure 15.

In the above discussion, typical examples of the type of data that would be
useful have been described. The particular temporal, seasonal, etc., groupings
used were intended only as examples; the actual groupings will depend on actual
data. Once the most effective groupings have been identified, the data should be
analyzed accordingly and the results presented for all conditions during the data
collection period (i.e., seasons, times of day, paths, etc.). Likewise, the
necessary relationships for extrapolating the results to other time frames (SSN's)
and paths (geographic/geomagnetic positions in the threat region) are desirable.

15
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2., EXPERIMENTAL CONFIDENCE
a. Background

Refering to Figures 1 and 2, which are examples of the type of experimental
output that can be obtained from a program of this type, it should be noticed that confi-
dence intervals are shown around the median value curves. Confidence intervals are
necessary for the proper use of the experimental results by OHR system designers, since
the results are in effect obtained by statistical sampling of the population and hence
represent only estimates of the true value. For this reason, it was important to
establish the required confidence intervals/levels so that the planned experiments
could be properly conducted; i.e. , scheduled to provide an adequate data sample. It
was felt that this information should logically come from the system planners, de-
ployment strategists, gaming theorists, etc.; hence, individuals in several organ-
izations were contacted in connection with the ELIDA Program for their views on
realistic measurement confidence intervals/levels. The organizations contacted were
RAND, RADC, ESD, MITRE, and GE (HMED and TEMPO). The general opinion was
that it is obviously desirable to keep the confidence interval as small as possible and
the confidence level as high as possible consistent with reasonable experimental cost
and complexity; however, no specific numbers were given. To provide specific
numbers would require knowledge of the OHR system's cost sensitivity relative to
the parameters being measured, together with the cost relationships of the exper-
iments themselves in terms of the confidence intervals/levels. With this information
it would be possible to determine the optimum experiment in terms of total cost
(experimental program, OHR system, and its operation); however, since this in-
formation is not available, only '"educated guesses' can be made at this time. To
provide guidance for these educated guesses, an analysis of expected confidence
interval/level for the desired environmental parameter as a function of the number
of measurement samples has been conducted and is presented here.

The ELIDA experimental results can be used to obtain a statistical measure of
key ionospheric properties. These statistics can then be used to predict the operating
performance of OHR systems, as well as influence their design as much as possible.
Since sampling techniques are utilized to obtain the experimental data bank, a brief re-
view of sampling theory is given here, followed by an analysis of the expected effects.
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The statistics of the parameter to be estimated can be described by the
probability density function of the parameter, a typical example of which is shown in
Figure 16. The probability that the random variable, x, will fall in the interval
x, tox, is given by the area under the curve from x, to Xg If the probability density
is known, then the mean, variance, etc., as well as the interval probabilities can be
calculated. From the ELIDA experiments, samples of random variables with gen-
erally unknown probability densities or populations will be obtained; hence, it will be
necessary to estimate the population statistics.

The samples that have been taken of the ionospheric properties are often
combined to yield the average or mean of that properfy. The best estimator of the
average is the sum of the samples divided by the number of samples or

N ‘

Sample mean = M =§ X, (6)

i<l

The mean found by Equation (6) is called the sample mean. How closely
the sample mean estimates the true mesn is a function of the number of measure-
ments and the population of the random variable. The Chebyahev inequality can be
used to measure the error between the true and sample means.* This inequality is
useful here because it can be used regardless of the population from which the random
variable comes; however, it provides only an upper limit on the expected error.
This results in a conservative measure of error. The Chebyshev inequality is

given by
g 2
P [|M-Mx|a¢]s-’;— (M)

where P[ ]=.Probabilityof [ ]

=
"

sample mean
actual mean of the parameter

=
[

€ = any positive number

sz = gample variance, and is given by
N
2 _ 1 2
% T N1 § .o ®

* Reference 9, p. 79.
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If the population variance (o xz) is known, ‘then the sample variance can be
o 2 : ‘ ;

replaced by g

A confidence factor in the estimate can be calculated if certain statistics of
the population are known; for instance, if many samples of the population are taken
and these samples are separated in groups, the distribution of the sample means of
these groups wili be distributed in a gaussian fashion. If the population variance is
known, then the variance of the distributiou of sample means (lm ) is given by

2 cx2
5 TN @)

where N is the number of samples used to determine the umi)le mean. Equation (9)
can be substituted into Equation (7) to obtain the upper limit on the expected error if
the variance of the population is known; however, this method provides an unrealis-
ticallyhigherror. Since the sample means will be gaussian distributed with variance
given by Equation (9), more precise means of calculating the accuracy of the estima-
tion can be made by use of confidence intervals.

Suppose that a sample of N measurements of a random variable is made and
the sample mean, M, is calculated; also, let the population variance of the random
variable, 2, be known. Because the distribution of sample means is known to be
gaussian with mean M (the mean of the random variable) and variance I x?
then a confidence int.erval on the sample mean can be calculated; e.g. ,

T Ox
M-1.64~—~ sM sM+1.64 — (10)
v VR
with 90 percent confidence. Other confidence factors can be found in tables of the
normal curve (Ref. 10). If the variance of the population is not known, the sample
variance can be used in Equation (10) with a resulting approximate confidence. The
absolute confidence cannot be calculated, but an upper bound can be found by use of the
Chebyshev inequality.
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b. Usable Mode Probability

The probability that there will be at least one usable mode can be defined as
P(usable mode) = 1 - P(no usable mode)

where P(x) = P(no usable mode)

= P(x does not exist) + P(SNR < M) P(x exists) an

x is defined as the dominant mode, and
M is the minimum acceptable SNR based on known system parameters.

Note that, since either the mode exists or it does not, it follows that
P(x does not exist) + P(x exists) = 1 (12)
P(x) + P(x) = 1

The probability that the dominant mode does not exist and the probability
that the SNR is less than the minimum acceptable level if the dominant mode does
exist are found by sampling the HF environment with experiments. Since experimental
data are used to estimate the above quantities, there will be estimation errors as
discussed previously. To compute this type of error, the terms on the right-hand
side of Equation (11) will be handled separately.

The probability that the dominant mode does not exist, P(x does not exist),
is a fixed mumber for a given set of ionospheric conditions. When the experiment to
determine the dominant mode availability is conducted, two outcomes are possible:
the dominant mode exists or the dominant mode does not exist. Such a random
variable has a Bernoulli probability distribution (Ref. 10). Repeating the experiment
for similar ionospheric conditions will result in N samplea from which the sample
probability that the dominant mode does not exist, ?(_x does not exist),will be deter-
mined. The ~ indicates the sample value or estimate of the true quantity. The

desired estimate is readily given by

= o - bhumber of times dominant mode_not available
f)(x) P(x does not exist) acahaer of tiiale

Recalling the background discussion, the confidence interval for the true value,

P(X) can be found as follows if the population variance (o’.f) is known

o= o=
PE) -k X = P® = PE) + k= (13)
VN VN
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. where ‘ ' ' .9
Pfx) = estimate that the dominant mode does not exist
] P(X) = true probability that the dominant mode does not exist
g standard deviation of the population
° k is the factor related to the percent confidence desired; e.g.
k Confidence Level
f i (percent)
0.25 60
0.52 70
0.84 80
1,28 90
1.96 95

If the population standard deviation is not known, the sample standard devia-
tion can be used to give approximate confidence limits which are reasonably good for
large N. In the subject Bernoulli case, the population variance (0,-‘2 ) is a function
of the parrmeter to be estimated and is given by

2 > <
o5 =P® [1- p@) (14)

Substituting Equation (14) into (13) yields

k '/g(iL {1 - px) > lp(i) - P() (15)
N

Equation (15) can be soived for the true probability that the dominant mode
does not exist, P(;) » and results in the following expression for the confidence limits

P(x).
2 & 1-BE) k2
1 % = _'_(_ ﬁ x) 11-P(x k ]
(x) + -k - —_—
1+ KE/N [ » " an®
< P() < (16)
2 S B 2
1 2= - X P(x) {1-Pe)l |, k ]
—— | Px) + 55 + k J + S
- 1 + k%N I: el - an?

ity S—




If N is large, the distribution of P(x) approaches gaussian by virtue of the central
limit theorem, and the above table of k versus confidence level may be used directly
with but small error to give the desired confidence interval for P(x).

¢. Confidence Limits for f’(SNR <M)

The method just described to obtain confidence limits for P(x) can be used
to obtain confidence limits for P(SNR < M), and P(x exists). These three confidence
intervals must be combined, using Equation (11) to obtain the total confidence interval
on P (usable mode). The procedure is to combine the distribution of the individual
probabilities, P(x), P(SNR < M) and B(x exists), and obtain the distribution of
P (usable mode).

From Equations (11) and (12),

P (usable mode) =
P(x) + B(BNR < M) P(x exists)
=1 - P(x exists) + P(SNR < M) P(x exists) (17)

The probability estimates on the right-hand side of Equation (17) are gaussian
distributed.

The distribution of ﬁ(SNR< M) ﬁ(x exists) involves the product of two ran-
dom variables and is derived in Appendix I. Before substituting appropriate values -
into the expression derived in Appendix I, some simplifying definitions will be made.

Let
fl = P(SNR < M)
Pl = estimate of P
o, = standard dovhtion cfP given by 'IP- 1 - Pl}
fZ = P(x exists)
P2 = estimate of P2
0y = standard deviation of Pz given by '1;2 { 1 - Pz}

A A

Then, the density functlon ofZ = PIP

® - pl] _l[‘z/ﬁl - pz]
2 02 "
21ro o, ﬂ‘ dP1 1s8)
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The density function of f’(x exists) is gaussian with mean = P(x exists) and standard
deviation = Y P(x exists) {1 - P(x exists)} .

The density function of ﬁ(ulable mode) is found from t.b densitios of
P(x exists) and P, (Z) given by Equation (18). The final form will not be given here,
as it is rather unwieldy and shows no further information. Suffice it to sty that the
two random variables are combined by convolving their individual density functions.

As experimental data become available in the future, the density of
?(usable mode) can be found by numerically combining the individual densities. The
technique for doing this is discussed in Appendix II.

The Chebyshev inequality -- Equation (7) -- can be used to give an indication
of the desired confidence interval for various confidence levels. The needed parameters
are the sample mean, the sample variance, and the desired confidence interval ( ¢ ).
The form of the inequality for the probability of a usable mode is

2
sx

Nez

P [| Pusable mode) - P(usable mode)| =e ] =

The sample variance of the probability of a usable mode can be obtained by applying
the delta process to Equation (17). This involves taking the implicit derivative of
Equation (17), squaring the result, and taking the expected value. The implicit
derivative is

éPusable mode) =
- 6i5(x exists) + f’(SNR< M) 6f>(x exists)
+ P(x exists) S6P(SNR < M)

In squaring the above equation and taking the expected value of the result,
it should be noted that'the cross terms will be zero, since it will be assumed that
f’(x exists) and f’(SNR < M) are independent. The remaining terms which define the
variance of f’(usable mode) are

2/\ = S 2 =
O P{usable mode) X

2 2
[1 + P(SNR <M)J ? ﬁ(x exists)

o 2
*+ Plexists) o pong < M) (19)
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Some numerical results can be obtained if the variances in Equation (19)
are replaced by the population variances of Bernoulli-type probabilities. This yields

s.? -

X

{1 + B(SNR < M)} P(xexists) {1 - P(x exists)}

+ B(x exists) P(SNR<M) {1 - P(SNR< M)} (20)

The final expression is obtained by substituting the above into the
Chebyshev inequality and is as follows

P [Iﬁ(usable mode) - P(usable mode)l = t]
rﬁT { [61 + D(SNR < M)] P(x exists) [1 - Pix exiats)]
P(x exists) B (SNR < M) [1 - P(SNR < M)]} (1)

IA

+

A form of Equation (21) is plotted in Figure 17 parametric in ¢, the confidence
interval. The equation gives the probability that the difference between the estimate,
'I\’(usable mode), and the actual value, P(usable mode), will be greater than or equal
to ¢ ; however, it is more convenient to consider the probability that the difference
between the estimate and actual value will be less than or equal to ¢ , so thie has
been done in plotting Figure 17. This confidence is plotted as a function of the number
of samples with ¢ (the confidence interval) as a parameter. A typical example shows
that about 260 samples are required to give an interval of £0.1 (¢ =0.1) with a con-
fidence of 80 percent. This means that the actual mode usability, 'f’(uuble mode),
can be expected to fall within £0.1 (10 percent) of the measured mode usability,
P(usable mode), with 80 percent confidence. The details for calculating the con-

fidence limits are given in Appendix III.

In using Figure 17 it should be remembered that the Chebyshev inequality
was used so that the resulting confidence interval represents the ultimate bounds on
the actual value; i. e., these results are pessimistic. When information on the
statistics (actual or estimates) of the measured parameters is obtained, the confidence

interval can be reduced.
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SECTION I
MODE RELIABILITY EXPERIMENT

1. INTRODUCTION g

The characteristics and availability of the first-order modes provide a basis for
determination of the best modes and frequencies to use for OHR applications and the
reliabilities that may be expected within the bounds of a wide range of environmental
parameters. Among these parameters are time of day, month, and sunspot number;
location in the equatorial, midlatitude, or polar region; paths that are east-west
within these zones or north-south within or across from one zone to another; and
natural factors such as flares and magnetic storms that effectively modify the

ionosphere.

Data assembled in a form adequate for consideration in this study have been
gathered on a 2000-nmi south-north path from a site located in the equatorial zone to
a midtemperate zone site (Coco Solo (Canal Zone) to Central New York State) and
from a polar location (Thule, Greenland) to the same receiving area. Approximately
21 months of data are included in this report from the first path (December 1965 to
August 1967) and six months on the latter path (December 1966 to May 1967). These
data were gathered at a time starting shortly after the sunspot minimum had been
reached; thus, at this writing, variations across the 11-year sunspot cycle will have
to be determined on the basis of the available propagation literature in addition to the
trends of the measurement data reported in this document.

The obiique propagation modes that have appeared to be most useful on the paths
mentioned above are the one-hop F2 (1F2), the two-hop F2 (2F2), and the two-hop E
(2E). A hybrid of one E-layer reflection and one F-layer reflection -- the N mode --
appears to frequently fill a vacancy at the low frequency end of the 1F2 mode and as
such has received full consideration. An M mode, consisting of two F2-layer reflec-
tions and one reflection from the top of the E layer at the midpath, may sometimes be
used, but has been available such a small percentage cf the time that complete analysis
of this mode has not been conducted. For the latter portion of the observation period,
the two-hop sporadic-E mode (2Es) has been included. This is generally not a depend-
able mode for operating purposes, but does sometimes indicate the presence of an
LOF cutoff for other modes.
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The sources of the basic information used in chese investigations are oblique
ionograms taken over the indicated paths. For a clearer understanding of the
indicated availabilities, the equipment limitations with respect to propagation and
ambient factors should also be considered. Equipment sensitivity and ambient noise
levels are such that the measured availability of signals and values of MOF-JF are
usually independent of the equipment and wholly dependent on propagation conditions.
On the other hand, the LOF, with the exception of E-layer cutoff, depends on a
number of factors such as transmitter power, antenna to equipment coupling losses,
antenna gains, total receiving system noise figure, and ambient noise level at the

receiving site.

For the purposes of this investigation, the following division of the year into
four seasons was made. This division is the same as that employed for reporting
the characteristics of atmosphevric noise in CCIR Report 322 (Ref. 8).

)
SEASON MONTHS

Winter Decomber, January, February
Spring March, April, May
Summer | June, July, August
Autumn September, October, November

In the sections to follow on the Mode Reliability Experiment, the data base for
this experiment will be reviewed on a seasonal basis indicating the number of
samples available as a function of time of day for each of the dominant modes: 2E,
1F2, N, 2F2, and 2Es' Hourly mode availability tables are provided for those
months that this information i{s not already available in earlier reports (Refs.

4 and 6).

The mode availability for the Coco Solo path is next presented on a seasonal
basis for the dominant modes, covering a period of seven seasons. The Thule mode
availability results are then described for two seasons. This is followed by a
discussion of the frequency aperture availability and MOF-JF availability for both
the Coco Solo and Thule paths. The percentage of time that various combinations of
modes are not available on the Coco Solo path is reviewed, pointing out that at any
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time when measurements were taken at lcast one of the tollowing modes was available:
2E, 1F2, and 2F2. A statistical summary of the various mode reliability results is
provided on a seasonal baris dividing a 24--hour day into three major time periods:
daytime, nighttime, and dusk. This part of the report concludes with a discussion of
an investigation to relate various mode reliability results to different natural factors
such as solar flares and magnetic disturbances.

2. SUMMARY OF OBSERVATIONS BY SEASON
a. Coco Solo to Stockbridge/Starr Hill

A graphical hourly summary of observations and signals (modes) seen for
the mode reliability experiment has been prepared on a seasonal basis. These are
shown for the Coco Solo to Stockbridge/Starr Hill path in Figures 18 thrugh 47 for the
five dominant modes: 2E, 1F2, N, 2F2 and 2Ea' These graphs serve in effect as a
means of quickly indicating the approximate data base for the seasonal information
presented in this section, and also as an approximate indication of the mode availability
in that this is equal to the number of signals seen divided by the number of observations
made that would permit seeing a mode on a given ionogram. For example, for the
winter of 1966 for the 2E mode (Figure 18), we note minimum observations of eight
and minimum signals seen of seven; also maximum observations and signals seen of
eighteen. For the 2E mode in the spring of 1966 (Figure 19), nighttime observations
are about the same as for winter, and the number of signals seen are much less than
the observations at night, but in the daytime there are a large number of observations
and signals are seen with what would be almost perfect availability.

Nightt.me observations for the summer of 1966 (Figure 20) are still about
the same, but midday obser vations are slightly greater in number. The same holds for
autumn of 196G Figure 21), but it is noted that the signals seen are much fewer than
previously notel. The maximum daytime observations at noon in autumn ran as high
as 50. They are slightly less in the winter of 1967 (Figure 22) and the further drop in
the spring of 1967 (Figure 23) in number of observations is due to the move to the new
receiving site during this period. It is obvious that a similar, but not necessarily
exactly the same, number of observations were obtained for the other modes. While
the information for each of these modes was taken from the same ionogram, various
factors prevented adequate observation of all modes at the same time. Chief among

39




NUMBER OF SIGNRALS SE

10.00

L]

.00

NUMBER OF OBSERVATIONS

20.00

g.00

4
v

v

4
v

A

8
o4
>
8
80
8
th
N > &
< I I |
| ]
- > >
< - »

8 - E o >
» - <
E "= = > n " >

> <

< <

8, 4 e re l ' 4 4
.00 5.00 10.00 15 00 20 00

EASTERN STANDARARD TIME (HOUR)

Figure 18, Summary of 2E Mode Observations, Coco
Solo Path, Winter 1966

40




these were problems in photography, and high noise/interference levels at the lower
frequencies which prevented observation of the high order modes. These graphical
summaries provide a composite of the data previously included in the hour, day, month
mode tables contained in the interim reports published on this program (Refs. 4 and 6)
and in Tables II through VIII. These later tables cover the months of December 1965
and January 1966, and the period from March through August 1967; with the ones pub-
lished earlier they form a complete set of the basic mode availability information.

Tables II through VIII provide a summary, by day and hours, of all data co.~-
lected during the periods mentioned above. In turn, this provides the basis for all
mode availability information. The rows represent the hours from 0100 to 2400 EST
or 0100 to 2400 GMT as indicated, while the columns represent the dates for which
data are available. The heading 8 2 stands for August 2. In each of the entries
the number "1' stands for propagation (signal observed) by the 2E mode for the hour
and date in question, ''2"' stands for the 1F2 mode, ''3' the N mode, "4'" the 2F2
mode, and ""0" indicates no signal observed via a particular mode for this hour and
date. A blank where a number should appear indicates that the ionogram for the hour
and date in question could not be satisfactorily interpreted to determine if this partic-
ular mode is present or not. For sporadic-E propagation, the number 5" {ndicates
that the 2E5 mode {s present. No '0' representation is used to show the absence of
the 2E' mode when it could have been observed on the ionogram record; hence, all
blank spaces in the 5 column are assumed to be 0's. This was done on the assump-
tion that only a small amount of 2Es propagation would be present. It is noted that
these tables, in effect, are truth tables and provide a convenient reference for other
plots and tabulations of this mode availability information.

It is noted that no graphical summary of observations for the 2E' mode is
included until the spring of 1967, while 2E . data reductfon began in the summer of
1966. Some question existed during this time with respect to their inclusion and,
hence, to the method of handling the 2E. data. There is still some question as to the
identification of the 2E. mode, but full consideration as a mode begins with spring
of 1967. There {8 a quite small availability of the mode during these months
(Figure 46). For the summer of 1967 (Figure 47) a more nenrly equal day/night
observation exists and more signals were also seen.
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Figure 38. Summary of N Mode Observations , Coco
Solo Path, Summer 1967 :
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TABLE II
MODE AVAILABILITY, COCO SOLO PATH, MARCH 1967

BT 346 347 320 32 32 33 3N 3P OSGEG O3OMYO3N O3 M
1 02049 i
2 2040 =
3 02000 4 i
. "
] " 4
) e 2 40
? L 1204g 12340 - 12349
(] 12349 32340 32040 12349
. 12340 12040 12040 12040 12340 12040
1 . 12340 12040 12040 15500 12040 52040 !
11 12340 (2036 12040 12040 12040 12040 12000 000 3
12 . 12040 12040 ! 12040 12040 12040 12040 12040 12330
13 12040 12040 12348 12040 12040 12040 12049 12040 12040
14 12340 12349 12040 12340 12349 12340 12340 12440 12349 12840,
15 12340 12349 12040 12340 12340 130 12340 12040
16 02340 12340 12349 12340 12349 12340 1234
17 . 12 % 12340 12840 12340
10 . 12 4 1340 12040
1 . 2 40 ness
.20 . (111
2 . (1111
2 o 02040
23 0 @ 12349
¢ @ " 12040

Availabilities of 2E, 1F2, N, 2F2, and 2E g AT presented in this order for !

each date and time indicated.

‘= Signal observed via the 2E mode for this hour and date.

= Signal observed via the 1F2 mode for this hour and date. .
= Signal observed via the N mode for this hour and date.

= Signal observed via the 2F2 mode for this hour and date.

= Signal observed 1ia the ZE‘ mode for this hour and date.

= No signal observed via this mode for this hour and date.

(blank) = No valid data for this mode for this hour and date. ¥

[ N T

o
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TABLE IV
MODE AVAILABILITY, COCO SOLO PATH, APRIL 1967

€4 48 & 6 €7 480 418 010 €10 416 €19 €10 419 G0 481 424 420 4R 40

»r
1 02340 0340 - 08340

- [} {1]] 5 o
3 02048 "nies 2300,
. ) 12300 ' 2300 M
s o2e¢s . 12348 2040 .U
. ; 12000 otees . 12340 12300 1 00 12360

? 12349 12040 12349 12349 12540 12940

[ 12368 12048 . 12. ¢ 12349 13340 12 40 02000

. 12048 12340 12348 18 0 1938 12040 12 49 12 49 12349

10 12000 120400 12342 12 40 129640 12340 12040 12049 13840 12040 12340 15 0 12340

11 0204 12948 12 49 12040 12940 12 49 1234p 12049 1004¢ 12049 12000 12340 12349 1¥ 49
12 20 <o 12060 12340 12049 12040 18340 12040 12040 12340 12940 12340 12060 12 0 12%¢q_
13 02N4e 12340 020 0 12040 12360 12 40 12060 12040 12048 12349 12348 12 0 12040 12340 12340 12040
14 02040 12348 02040 1204 12348 12040 12340 12340 12040 19340 i2340 12340 12 48 12040
15 02840 12340 22340 12040 12949 13340 12360 12349 312343 12349
10 123648 12344 12340 12340 12340 12040 12340 12349

17 12840 12348 12340 12340 1234 19%6¢ 12340

10 12340 2340 12340 12340 12340 12340

19 12340 12340 12340 12340 2340

20 12040 2340 13540

21 2 ¢ [TTIT I 12840

22 24 "nie 12540

23 2 4 "3 2

24 02340 10340 ” e 2340

Availabilities of 2E, 1F2, N, 2F2, and 2E g 2re presented in this order for
each date and time indicated.

1 = Signal observed via the 2E mode for this hour and date.

2 = Signal observed via the 1F2 mode for this hour and date.

3 = Signal observed via the N mode for this hour and date.

4 = Signal observed via the 2F2 mode for this hour and date.

5 = Signal observed via the 2E_ mode for this hour and date.

0 = No signal observed via this mode for this hour and date.

(blank) = No valid data for this mode for this hour and date.
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TABLE VII
MODE AVAILAEILITY, COCO SOLO PATH, JULY 1967

MR ? 22 2 7 677 730 7138 LA 713 7144 717 746 730 730 721 72 726 727 7}y

— . .. 000N & s o 3309
2 a2me8 . .. ... . . , 02040 02343
| SR © (L ) 02340 0234y
4 LL.0e . L . 00343 02348 02303
—_— . - . A 0y 02348 92349 2349
PR SE— ! R A o 02248 - 02043 02340 03349 1234y
—_— A ”n 9 o 49 02349 02340 12348
—t . apetd . .. . . 2. 02348 02340 0 24
U T " SR N A 02349 02340 ”ne
—A0 e -5 3.4 s 02300 00349 * 003
b AR . _ 12048 2 4% g2 413 G 0234 1230 23
—A2 .. AR0N. 12043 9. 100209 12340 12349 e ¢
AL 32349 12009 42 9 .. 12 40 02049 12 0 10348 03y
- s 12049 12349 12000 1230
A0_ 12340 0300 12343 12048
—30__A20 2 32200 12048 12049
—a0 _ 220 9123 8 1300 . 12302 12000 -
—Af 203 e ... 30349 12003 =
— 10 12349 1 12349
20 123e3 32348 12049 1 e 12009
—I1 11399 = 1y 12 « 12 ¢
—2R_ AR349 . AN 12340
—28 12343 9P 12349 12349
—2¢ _ 33O (111 ] 02340
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P

b. Thule to Stockbridge/Starr Hill

Measurements on the Thule path were not started until the winter of 1967.
At this time the path extended from Thule to Stockbridge. The recelving station was
transferred to the RADC Starr Hill Test Annex at the end of the winter. This repre-
sented only a small change in distance, from 3732 km to 3696 km. The graphical
hourly summaries of observations for the Thule path are shown in Figures 48 through
57. Chiefly noted in these observations is that during the winter, there was roughly
no 2E mode seen at any time. The same applies to the two-hop sporadic E mode.
The N mode also represents next to nothing in the winter time. In fact, only the F
reflected modes appear to be of any consaquence at this time. The small quantity
of data available leaves validity of any conclusions concerning the winter Thule data
somewhat in doubt. Somewhat better observational conditions are noted in the spring
for all modes after the move had been made to the Starr Hill receiving location. Due
to the small amount of data available for the summer of 1967 on the Thule path, none
are included in this report.

In addition to the figures mentioned above, Tables IX, X, and XI are provided
for the Thule path which are in the same form as those described for the Coco Solo
path. These tables, tor.~ther with those contained in reference 6, form a complete
set of this type of information for the Thule path.
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TABLE IX
MODE AVAILABILITY, THULE PATH, MARCH 1987
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Availabilities of 2E, 1F2, N, 1F2, and 2E' are presented in this order for
each date and time indicated.

= Signal observed via the 2E mode for this hour and date.

= Signal observed via the 1F2 mode for this hour and date.

= Signal observed via the N mode for this hour and date.

= Signal observed via the 2F2 mode for this hour and date.

= Signal observed via the 2!2. mode for this hour and date.

= No signal observed via this mode for this hour and date.
) = No valid data for this mode for this hour and date.
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TABLE X
MODE AVAILABILITY, THULE PATH, APRIL 1967
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Availabilities of 2E, 1F2, N, 2F2, and 2E_ are presented in this order for

each date and time indicated. .
= Signal observed via the 2E mode for this hour and date. .
= Signal observed via the 1F2 mode for this hour and date.
= Signal observed via the N mode for this hour and date.
= Signal observed via the 2F2 mode for this hour and date.
= Signal observed via the 22. mode for this hour and date.
= No signal observed via this mode for this hour ani date.

} = No valid data for this mode for this hour and date.
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TABLE XI

MODE AVAILABILITY, THULE PATH, MAY 1967

$ 2 9 39 ¢85 95 0 5 0 10 531 512 P19 P16 F17 940 510 909 DR 6 DAL

e o

o

T
1
?
—— e e e s =
3
s
P e S om e - e o o e e A
i 12 ¢
012 0T iaeee @ 012 ¢ 1 12 40 12 &
T sz tedeizede e 81 4 e e
e T (111} “sde Y e ik b 12 6 12340
Ty 00300 92300 12 01 s12012 0 12 012 &
BT R C opede 12800t W IR I 12740 12 40 12 68 12340
THE OTY e eedeeTia G e 40 17 01 012 0 1240 12340 1t @
14 1 10040 12340 12 & 12 1260124 12 ¢
Y T10000 12349 12 4o o 20 12 40 12 40 12 4
16 1 012 9 1234 12 0 123 ¢ 32349 12 12340 12 0
Y 12 ¢ 12 012 ¢ 12 40 12340
1 12 0 12 % ’
-0
2 - . o s e
-n-
~ o - ..
23
—je - — N

Availabilities cf 2E, 1F2, N, 2F2, and 2E

each date and time indicated.
= Signal observed via the 2E mode for this hour and date.
= Signal observed via the 1F2 mode for this hour and date.
= Signal observed via the N mode for this hour and date.

= Signal observed via the 2F2 mode for this hour and date.
= Signal observed via the 2E s mode for this hour and date.

= No signal observed via this mode for this hour and date.

O VW =

(blank)

= No valid data for this mode for this hour and date.
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Figure 568. 2E Mode Availability, Coco Solo Path,
Winter 1966
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3. MODE AVAILABILITY -- COCO S80LO TO STOCKBRIDGE/STARR HILL

The hourly mode availability results obtained on the Cooo Solo to Stockbridge path
and later from Coco Solo to Starr Hill will be presented in this section on a seasonal
basis, rather than cn a monthly basis which has generally been done in the past
(Refs. 2, 4, and 6). The 2E mode shown in Figures 58 - 64 provides quite charac-
teristic daytime mode availability, but for the winter of 1966 and the spring of 1966
it has a greater nighttime availability than is realistic. The reason for this is that
the 2!. and the standard 2E modes were lumped together as the 2E mode availability
during these periods. This procedure was used into the first month of summer 1966
providing a higher nighttime 2E mode availability than is generally realistic. The
first full season in which the 2E 1 mode was considered separately, or rather an
attempt made to remove it, was autumn of 1966, where there is a considerable amount
of nighttime E shown, particulary in the after-midnight hours. Whether this is noc-
turnal E or sporadic-E propagation is questionable at this time. During the winter
and spring of 1967 the daytime 2E mode availability remains quite standard, but
again the question of whether the nighttime E is a nocturnal 2E mode or a sporadic
2E mode still exists. During the summer of 1967 the good daytime 2E mode avail-
ability lags the sunrise and lasts until almost midnight. An attempt has been made
to remove all sporadic-E modes, particularly during the winter, spring, and summer
of 1967 (Figures 86 and 87). As a quick summary, the daytime 2E mode availability is
quits good, but the nighttime 2E mode availability (as expected) is quite poor.

The seasonal 1F2 mode availability on the Coco Solo to Central New York path
is presented in Figures 65 - 71. There has been some blocking at night in the
winter of 1966, probably from sporadic-E, although that was not fully identified at
the time. The results for spring of 1966 are somewhat more consistent -- the
summer is a little higher and autumn falls away quite radically in the forenoon and
afternoon hours. The mode availabilities for winters of 1966 and 1967 are somewhat
different during the hours around noontime in that the 1F2 mode has less than
100 percent availability in the winter of 1967, whereas it was 100 percent for the
winter of 1966. There has been a considerable increase in sunspot activity during
this 12-month period (from a S8SN of 28 for January 1966 to SSN of 73 for January 1967);
however, the spring of 1967 has the best 1F2 mode availability (Figures 65 - 71). The
results for the summer of 1967 do not differ much from those for the summer of 1968.
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The N mode (Figures 72 - 78) gshows its ususl erratic character: during the
summer of 1866 its mode availability is quite good; the worst N mode availability
shows up in the spring and summer of 1“7

 The 2F2 mode (Figures 79 - 85) has the best overall mode availability of all
the modes considered, and is the best on a seasonal basis for the winter of 1967,

with 100 percent modo availability at all times. Unfortunately, its use is tompﬂ}od.by
its lower junction frejuency compared to the 1F2 mode.

The best information on sporadic-E propagation (Figures 86 and 87) or the ;31:. mode
is shown for the spring of 1967; interestingly enough, availability exists during both
daytime and nighttime. The summer of 1967 shows a quite high incidence of this
mode. Note also that the sporadic-E layer probably has a much greater nuisance
value to the other modes of propagation than as a means of propagation itself. =y
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4. MODE AVAILABILITY -- THULE TO STOCKBRIDGE/STARR HILL

Reference to the summary of observation (Figures 48 - 57) indicates that the
data base for the Thule path in the winter of 1967 is very small. It is again noted
that no data on the Thule path existed before thisdate. Actually, the Thule to Stock-
bridge path was run during the winter of 1967 while the Thule to Starr Hill path did
not begin until the spring of 1967.

Regardless of the data base, it is surprising to note the very small percentage
of 2E mode availability (Figure 88 and 89) in the daytime during the winter of 1967 and
particularly to note that the daytime mode availability was the poorest and the night-
time was best. The results for spring of 1967, however, on the Thule to Starr Hill
path indicate a more normal 2E mode availability.

The 1F2 mode availability (Figures 90 and 91) on the other hand, for the winter
of 1967 showed, even with the small data base, 100 percent 1F2 mode availability at
night, and fair availability for daytime and transitional periods. Some predictions
calculated for this period are shown with the measured values and conform quite
well at night and are not too unrealistic in the daytime. The 1F2 mode availability
for the spring of 1967 is again 100 percent at night and quite good in the daytime.

The N mode (Figures 92 and 93) as inight be expected, was slightly better than
the 2E mode for the winter, but is still a very poor mode with nothing at night, and
quite low availabilities in the daytime. In the spring, it improved slightly during
the daylight hours and shows some availability during the transitional period.

The 2F2 mode availability (Figures 94 and 95) for the winter of 1867 is the
poorest of any 2F2 measurements that have been made. Predictions for this period
were for 100 percent mode availability throughout, but only the daytime availability
was near this level. During the spring of 1967 the early nighttime 2F2 mode avail-
ability was 100 percent, but the daytime was somewhat erratic. During the winter of
1967 the 2Es mode availability (Figures 96 and 97) was spotty, but had some high
values. During the spring of 1967 its availability is almost negligible.
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5. FREQUENCY APERTURE AVAILARILITY -- COCO SOLO TO STOCKBRIDGE/

STARR HILL s

As it has been stated in earlier reports (Refs, 2, 4, and 6) on the mode reli-
ability experiment, the frequency aperture availability has been measured from the
MOF or JF down to the first major break in the trace of the mode in the ionogram,
which thereby has been declared as the LOF. The frequency aperture thus derived
is the total usable frequency aperture for a given mode and does not include sketchy
sections of the frequency aperture that might otherwise be indicated. Although
these apertu. es are generally small, they usually exceed 1-MHz 90 percent of the
time, and for lower percentages of the time are much larger. In general, the follow-
ing description of the results obtained on the Coco Solo path will refer to the 90
percent frequency aperture availability only. In the winter of 1966 for the 2E mode
(Figures 98 - 104) the 90 percent aperture drops to the 1-MHz point in several spots
and reaches a maximum of 4 MHz. Spring 1966 is consistently even lower at the
90 percent level, while summer 1966 daytime values reach 3 and 4 MHz, but night-
time values are down to 1-MHz. The results for the summer of 1967 are not as good
as for the summer of 1966. The 1-MHz nighttime values continue in the summer of
1966; for the fall of 1966 daytime maximums are on the order of 2 or 3 MHz. The
same holds true for the results during the winter of 1967, with some small pickup
at nighttime for the spring.

The 1F2 frequency apertures (Figures 105 - 111) produce almost the same
sequence as discussed above for the 2E mode on the Coco Solo path: low at night;
slightly higher in the daytime in the winter of 1966; in the spring some small daytime
improvement and one higher spot at 2000 EST. The level for the summer of 1966
achieves highs of 4 and 56 MHz and again drops to a low of 1 MHz. The results for the
summer of 1967 do not match very closely to those obtained in the summer of 1966. '
The autumn of 1966 values range from nighttime levels of 1 or 2 MHz to daytime
values as high as 4 MHz. The winter 1967 values are consistently on the order of
2 MHz, except in midafternoon, and the results for the spring of 1967 have some
highs that are greater than 5 MHz in the daytime with nighttime values of 2 MHz.

The N mode frequency aperture (Figures 112 - 118) runs consistently low during
the winter and spring of 1966; the summer nighttime frequency aperture is the highest
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and the daytime values are the lowest. The frequency aportu"o for autumn of 1966
has consistently low values with one spotty higher value, and the same is true for
the winter of 1967. The frequency aperture for the spring of 1967 has its highest
value in the early morning hours.

The frequency aperture for the 2F2 mode (Figures 119 - 125) runs slightly
higher than the other modes with the morning and afternoon values the best for
winter and spring of 1966. The afternoon values are the best for thq summer of
1966, and the morning and afternoon values are again the highest for the fall 1966.

In the winter of 1967 considerably high :r daytime values were measured; for summer
of 1967 the lowest is again during the day. The spring of 1967 shows a very adequate
value for the frequency aperture in early morning; that is, from midnight on, and -
late afternoon and evening.

The frequency aperture for the 2Es mode is shown in Figures 126 - 130. The
best way to describe its frequency aperture is that it is somewhat erratic throughout,
and it is quite low during many of the seasons covered for this mode.
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Figure 119. 2F2 Frequency Aperture Availability (MHz), Coco Solo Path, Winter 1966
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Figure 120. 2F2 Frequency Aperture Availability (MHz), Coco Solo Path, Spring 1966
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Figure 123, 2F2 Frequency Aperture Availability (MHz), Coco Solo Path, Winter 1967
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Figure 130, 2]:. Frequency Aperture Availability (MHz), Coco Solo Path, Summer 1967
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B

6. FREQUENCY APERTURE AVAILABILITY - THULE TO STOCKBRIDGE/
STARR HILL

In the following, only the results for the winter of 1967 and the spring of
1967 are available for the Thule path. The winter of 1967 results are from measure-
ments on the Thule to Stockbridge path; in the spring, from Thule to Starr Hill. The
difference in distances is slight. For the 2E mode (Figures 131 and 132) only a few
bits of data exist for winter, but during the daytime hours the apertures are satis-
factory. More adequate data are available for the spring, but again only daytime
honrs show a good frequency aperture availability. Apertures for the 1F2 mode
(Figures 133 and 134) are satisfactory for both seasons, being slightly higher in the
late afternoon and nights. The N mode frequency aperture for the winter of 1967 -
(Figures 135 and 136) is satisfactory, but for the spring is very poor. The 2F2 mode
frequency aperture also was slightly better for the winter than for the spring
(Figures 137 and 138). The 2E X frequency aperture data for both seasons are quite
sketchy (Figures 139 and 140).
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Figure 133, 1F2 Mode Frequency Aperture Availability, Thule Path, Winter 1967
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Figure 136. N Mode Frequency Aperture Availability, Thule Path, Spring 1967
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Figure 138, 2F2 Mode Frequency Aperture Availability, Thule Path, Spring 1967
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7.  MOF-JF AVAILABILITY -- COCO S80OLO TO STOCKBRIDGE/STARR HILL

The seasonal MOF-JF availability results for the Coco Solo path which cover
the period from winter 1966 to summer 1967 (seven seasons) are presented in this
section. The 2E mode (Figures 141 - 147) MOF availability ranges from about
5 MHz at night to about 14 MHz in daytime for the 90 percent availability level in
the winter of 1966, roughly the same for the spring of 1966, and picking up to about
17 MHz at about midday in the summer of 1966. In the autumn of 1966 the MOF has
dropped back to 16 MHz maximum, which it holds for the winter of 1967; but in the
spring of 1967 extends to about 15 MHz throughout the day, rather than reaching this
as a peak value.

The 1F2 mode (Figures 148 - 154) JF availability ranges from a low of about
10 MHz at sunrise and sunset in the winter of 1966 to slightly higher at other times
of the night, and to a peak in the daytime of about 25 MHz for 90 percent availability.
There is some drop in the spring of 1966 at various times and a tendency for the
highest values to occur late in the day. This is noted more strongly in the results
for the summer of 1966, where the values range from an absolute minimum of about
10 MHz to a maximum of about 23 MHz. In the autumn of 1966 the minimum value is
still 10 MHz during the night but the maximum value for 90 percent JF availability
was about 28 MHz. In the winter of 1967 night values run about 11 and 12 MHz. In
daytime there i8 a long stretch of (about) 30 MHz values. There is a drop in the
90 percent JF availability at the peak values in the spring of 1967 with somewhat
erratic maximums showing up slightly less than 30 MHz; however, at this point
the maximum for the 25 percent JF availability is almost 40 MHz.

The N mode MOF availability (Figures 155 - 161) is consistently good throughout

in an erratic sort of fashion, but is quite a bit lower than the 1F2 mode JF availability.

The 2F2 mode JF availability (Figures 162 - 168) is consistently lower than that
for the 1F2 mode as would be expected; however, there are some trends with 2F2
results that are worth noting. Inthe winter of 1966 and in the winter of 1967 the JF
availabilities for this mode for all three percentages of JF availability are quite
uniform and quite close together, vith the highest frequency availahility occurring
during the early daylight hours. Also for winter 1967 the frequency availability
in general is about 5 MHz higher during the daytime compared to the results for
winter 1966. Higher daylight frequencies are noted for spring in both 1966 and 1967
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in the afternoon rather than in the morning (as during the winter), and a considerable
amount of uniformity has been lost. In the summer of 1966 the whole picture '"leans'
toward a later part of the day insofar as when the highest frequency occurs; also,

the spread between the maximum and minimum values for the JF availability is the
least for this season. In the autumn this still holds, but the trend is slipping back

in the direction of wintertime.

The 2Es mode (Figures 169 - 173) was not recorded separately from the 2E
mode until the summer of 1966, With the exception of the spring of 1967, when
there are a considerable number of hours missed entirely, the frequercy availabilities
of the 2Es mode would be very misleading; in fact, they look about a3 good as those
for the N mode. Only by reference to the data base is it possible to recoguize the
lack of usefulness of the 2Es mode.
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Figure 148. 1F2 Mode JF Availability, Coco Solo
Path, Winter 1966
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8. MOF-JF AVAILABILITY -- THULE TO STOCKBRIDGE/STARR HILL

The move to Starr Hill, as stated previously, was not madolnll the end of the
winter; hence, the winter data are based on measurements made on the Mo to
Stockbridge path. The 2E mode MOF availability results (Figures 174 and 175)
actually show little of consequence in the winter due to a limited amount of data;
however, results are quite normal during the daytime for the spring of 1967. The
1F2 mode JF availability (Figures 176 and 177) indicates that the 1F2 mode would be
a very usable mode throughout the winter of 1867. It ranges from nighttime and dusk
frequencies of 10 MHz for the 90 percent JF availability to spot frequencies of 30 MHz
during the daytime. The nighttime frequencies are somewhat higher for the spring
of 1967, but daytime frequencies never reach the levels that were achieved duting the
winter. The N mode MOF availability (Figures 178 and 179) shows creditable day-
time frequencies for both winter and spring as also is the situation for the 2F2 mode
(Figures 180 and 181). The 2Es mode MOF availability (Figures 182 and 183) shows
only a few spots of availability either during winter or spring.
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9. DOWNTIME -- COCO 80LO TO 8TOCKBRIDGE/STARR HILL

For each individual mode previously shown, the time that the mode is not
available is obviously 100 percent minus the percent of mode availability. In order
to determine the overall mode availability for propagation over the Coco Solo path,
various combinations of modes were considered (Table XII). Here the percentages
of downtime for the combinations of 2E and 1F2 modes, 1F2 and 2F2 modes, and
2E, 1F2, and 2F2 modes are tabulated. A detailed examination of the downtime for
the three-mode combination indicates that it was always zero for the seven seasons
covered, which means that there war always one mode available for propagation over
the Cocc Solo path; also, there are no situations when both of the two-mode combin-
ations showed downtimes for the same time and serson. This again indicates the
very high availability of at least one mode of propagation over the Coco Solo path.
The N mode has not been included in the presentstion since 100 percent availability
existed without it. While the data base is in some cases small enough that as much
as a 15 percent availability statistical variation should be expected in the data on a
monthly basis, it is noted that these data cover a total of 21 months and are analyzed
on a seasonal, rather than a monthly, basis.

It is interesting to note from Table XII that the 2E/1F2 combination shows some
downtime at 0500 EST for six out of the seven seasons for which data are available. I
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10. STATISTICAL SUMMARY

The graphical presentations that have been provided earlier for the mode reli-
ability experiment are, in effect, the output from this experiment. Discussions of
these graphs were designed to point out to the reader important trends and szlient
points in the data. The reader can utilize this information for detailed decisions
that require knowledge of the mode propagation effects as a function of time of year,
time of day, sunspot number, and other factors that affect high frequency propagation.
There are times, however , when more gross decisions have to be made and more
general summaries of information are needed. The following statistical summaries
of the data gathered during the period from the winter of 1966 through the summer
of 1967 on the Coco Solo path provide a quicker means for examination and assimil-
ation of this information. Since only a limited amount of data was collected on the
Thule path, no statistical summary is provided for the information gathered on that
path.

a. Modg Availability

The most important factor for any communications or radar system is the
requirement for a usable propagation path. In the following pages the means and
standard deviations that are presented indicate the availability of the respective
dominant modes for the seven seasons that are covered in this report for the Coco
Solo path. These means and standard deviations are calculated utilizing all the
data available for each mode.

(1) Seasonal Means

It can be seen, in Figure 184, that by comparing seasonal results for
different years the 2E mode appears to lose in availability as the sunspot number
has increased. The availability for the winter of 1967 is more than 30 percent below
that for the winter of 1966 in mean, and in spring of 1967 is about 10 percent below
the spring of 1966. For the one complete calendar year shown, winter was highest
and fall was the lowest. The sequence seems to be from winter to spring down, and
from spriag to summer up slightly, and from summer to fall down; but, instead of
coming up again in winter, the change in sunspot cycle appears to put this second
winter farther down. Interestingly enough, it is up ageain in the spring of 1967,
apparently exceeding the downward sunspot cycle trend that exists for the 2E mode.
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The 1F2 mode availability seems to be highest consistently in spring and summer, and
consistently lowest in winter and fall. No apparent effect of the sunspot cycle shows
in the full day averages. The N mode zvailability appears to more nearly follow

that of the 2E mode than of the F modes. The 2F2 mode availability has such small
deviations througnout the entire time that there seems to be doubtful merit in trying

to make any comparisons. The data available for the ZEB mode availability indicate
the highest availability in the summer of 1967, lowest in the winter, and up a little in
the spring of 1967.
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Figure 184. Mean Mode Availability, Coco Solo Path
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(2) Seasonal Statistics by Time of Day

For the preseutation of seasonal results as a function of time of day, the
following time divisions are made: daytime - 0900 to 1600 EST, dusk - 0500 to 0800
EST and 1700 to 2000 EST, and nighttime - 2100 to 0400 EST. The time period
included as dusk covers sunrise and sunset per_iods and obviously some aiso from
daytime and nighttime. In general, the dusk may be described as a hybrid of the
day and night with larger standard deviations. The previous presentation of seasonal
means (Figure 184) covers an entire day and is in effect a summary of the three
means to be presented in the material to follow. In each of the subsequent graphs,
while the dusk data are included for study, a reasonably clear-cut understanding of
the characteristics of the mode appears possible by discussion of the day and night
statistics only.

During the day there is an increase for the 2E mode from winter to
spring to summer and then a drop again in the fall and a further drop in the winter
(Figure 185); however, the increase in the spring is not enough to bring it back to
the level which existed the previous spring. The level for the summer of 1967 is
about the same as for spring of 1967. It should be noted that the period covered
represents a time of increasing sunspot number. The nighttime data show a strong
downward variation for the seven seasons covered, even neglecting the winter data
of 1966, when the two-hop sporadic-E mode was included with the 2E mode data and
is very likely responsible for the large percentage of availability indicated.

The 1F2 mode results (Figure 186) show more distinctly opposing trends
of day and night availability both with respect to season and sunspot number. The
nighttime data show a somewhat general improvement of nighttime availability with
respect to the increasing sunspot activity except for the winter of 1967.

The N mode (Figure 187) shows its usual completely confused and
erratic picture (as expected).

The 2F2 mode data (Figure 188) show for daytime that the mode avail-
ability for the summers is the lowest for any season; fall and winter are 100 per-
cent and spring a little under 100 percent. A slight improvement in both spring and
summer with respect to the sunspot cycle is noted. For nighttime everything is ‘
100 percent or almost 100 percent.

231



Availebilities

Avgilabilities

100,
W | » | : :
80 i ‘
_ |
L]
60
-
L}
40
=
20
DAY DUSK
¢ - 1966 ——Di ~ 1967 - » - 1966 ———>}¢ -1967 »
w SF SU F w SP SU SU F W SP S
m -
00
W: WINTER
® 8P SPRING
SUs SUMMER
L FaFALL
40 L
»
20
NIGHT
» 1968 e — 1987
" » W F vy ® W

Figure 185, 2E Mode Availability, Coco Solo Path

¥ =




Availabilities

Availabilities

60
40
20
DAY DuUSK
o s ke ioeT | 198s 37—
w spP Su F W sP Su w sSP sSu F w SP "SU
100
80
W= WINTER
60 SP= SPRING
SU= SUMMER
» F=FALL
40
1) A
NIGHT
b‘—-l IQGG—*:‘ : l967L )i
w sP su F W SP su

Figure 186, 1F2 Mode Availability, Coco Solo Path

233



Availabilities

Availabilities

100

60
40
- -
0
2 DAY DUSK
l‘"—.'“sl——’l‘ — 1967 - 3 F——;lsss g 4|t ~196 7 a|
w sP sSuU F w spP su w sP su F w $P  SU
100
80 \/ I | f
W= WINTER
60 SP= SPRING
SU= SUMMER
- Fz=FALL
40
20 p——
NIGHT
f_——. 1966— * ~ 1967 >
w SP su F w SP su

Figurel87, N Mode Availability, Coco Solo Path

234



- .

Availodilities

Av3yiigdilities

100 1| ll I . T ‘i

80

60

40
20
DAY ousx
I 1966 e 1967 —3 ~ 1966~ e 196 7 ﬂ
w SP SU F w SP SU W $ SU F w S ‘W
100 I.__raf Sr——w
80
Ws WINTER
60 SPz SPRING
SU* SUMMER
i FsFALL
40 {
o
20}
MIGHT

r— ~ 1966 ———nls- -1967 El
su

i
w se v F w s

Figure 188, 2F2 Mode Availability, Cooco 8olo Path

235




b. Frequency Aperture Availahility
(1) Seasonal Means for 90 Percent Availability

An overall view of the summary for the frequency aperture availabilities
shown in Figure 189 indicates one thing: the apertures are not particularly dependent
on season and apparently are not particularly dependent on the sunspot number either.
The 2E mode 90 percent frequency aperture mean varies around 2 MHz slightly below
and slightly above; the 1F2 mode aperture ranges from 2 to 3 MHz or a little above;
and the N mode has about the same values as the 1F2. For the 2F2 mode, a small
change occurred possibly due to the change in sunspot number; the 2F2 mode aperture
has run from slightly below 2 MHz for winter, spring, and summer of 1966 up to a
high of 5 MHz for the winter of 1967 and dropped back to 4 MHz again for the spring
of 1967,
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Figure 189. Mean 90 Percent Available Aperture, Coco
Solo Path
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(2) Seasonal Statistics by Time of Day

For the 2E mode (Figure 190) there appear to be no consistent trends
except that the daytime aperture availability is much betier than the nighttime avail-
ability, and the frequency aperture was increasing for the last two seasons covered
in this report.

The 1F2 mode aperture availability (Figure 191) shows the same trends
for both day and night: slight increases starting with spring of 1966 and summer
of 1966, then a decrease in the fall, and in the daytime a further slight decrease in
the winter. A distinct increase occurred in the summer nighttime aperture; during
the daytime a distinct increase occurred in both the spring and summer.

The N mode (Figure 192) shows better consistency of aperture than of
availability. There i first a drop from winter to spring, and increase in the summer,
a drop to fall, little change between fall and winter, then an increase in spring for the
nighttime and a further increase in the summer for the nighttime. For the daytime
a decrease for spring of 1967 is followed by a significant increase in the summer of
1967.

The 2F2 mode (Figure 193) shows not only the best mode availability
for all modes examined, but also the largest frequency apertures. It exhibited a
consistency between day and night for the first four months examined: namely,
from winter to spring--in summer a slight drop and an increase in the fall. At
night, however, the winter of 1967 approximately parallels fall, while for daytime
there is a distinct increase at this time. Then for springtime at night there is an
fucrease while for daytime there is a decrease. In the summer of 1967 the aperture
increased during both the daytime and nighttime.
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¢. MOF-JF Availability

The order of importance for OHR system design of the results of the mode
reliability experiment is (1) the mode availability, (2) the extent of the mode's
frequency aperture (if the mode is available) in order to answer the question as to
whether the available frequency bandwidth is great enough to fill the needs of an OHR
system, and (3) the ma:dmum frequency available. For this case the junction fre-
quency (JF) is used for the 1F2 and the 2F? modes and the maximum observed fre- -
quency (MOF) for the 2E and N modees. 1The order of observation of the information
has been (1) is the mode available, (2) what is its maximum frequency, and (3) after
having determined the lowest observed frequency below the maximum frequency that
presents an unbroken spectrum, what is the frequency aperture? Both the maximum
frequency and lowest frequency have been determined on the basis of an observed
mode and, hence, an availability of some frequency spectrum must exist. It is noted
that a stronger correlation exists between the MOF or JF and (1) season of the year
and (2) sunspot activity than exists for either mode availability or aperture availability
and these factors.

(1) Seasonal Means

There is strong evidence in Figure 194 of the steadv upward trend that
exists as a result of increasing solar sunspot activity during this time. For the 2E
and 2F2 modes, the first step, however, is a drop in the 90 percent MOF-JF avail-
ability , followed, in the case of the 2E mode, by a step upward in the summer of 1966
while the 2F2 mode makes a steady increase from spring of 1966 through 1967. The
1F 2 mode shows a steady increase except tiat the fall of 1966 and winter of 1967 have
identical means and there is a considerable increase from the winter of 1967 to the
spring of 1967. The N mode availability goes steadily upward during the winter,
spring, and summer of 1966, drops back in the fall of 1966, remains the same for
the winter of 1967, and starts its uphill climb again in the spring of 1967.

(2) Seasongl Statistics by Time of Day

For the 2E mode (Figure 195) it is first noted that the daytime MOF's
are much higher than the nighttime ones. Second, for daytime the trend is an
increase for winter to spring, almost the same for summer, a drop in the fall,
and a drop again in winter to a point only slightly greater than the winter of the
year before (although a considerable increase in sunspot number has occurred).
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The increase to spring and then tc summer shows again for 1967, At nighttime the
{irst {ive seasons shown have very little change, but then an incrsase occurred in
the spring during the winter of 1967, and this is followed by a furthbar increase during
the summer.

The 1F2 mode (Figure 19¢) may be the most important mode for the
OHR systems under consideration. This is because of two factors:

1. It almost alwsys has the highest junction frequency or
maximum observed frequency, and

2. Since it passes through the highly attenuated portion of the
ionosphere only twice instead of four times as for the other

dominant modes, its absorption is generally less.

During the daytime both in 1966 and 1967 there 13 a decrease from
winter to spring; however, there is an increase in 1967 from spring to summer
compared to 1966 when there was a decrease for the 1F2 mode JF availability.

The N mode (Figure 197) shows nothing spectacular or unusual except
in the summer of 1967, when a large increase occurs in the MOF both during the
daytime and nighttime.

The results for the 2F2 mode (Figure 198) conform almost exactly to
those for the 1F2, but with slightly lower frequencies throughout (as expected).
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11. THE EFFECTS CF SOLAR DISTURBANCES ON PROPAGATION AS OBSERVED
OVER THE CuCO SOLO PATH

a. Introduction

There are two distinct results of solar disturbances which produce sufficient-
ly large changes in the ionosphere to affect long range ionospherically propagated
signals. First, when a solar flare occurs, prompt x-rays and gamma rays are
radiated. These intercept the earth approximately 3.5 minutes later and increase
the electron density of the ionosphere throughout the portion of the ionosphere that
is exposed to the sun. For that portion most nearly facing the sun, the lower iono-
sphere, or D-layer, appears to be ionized more strongly than the upper ionosphere.
On the edges of the exposed portion, where the upper ionosphere receives the direct
radiation the longest and receives this quite obliquely, the upper ionosphere remains
ionized to a greater extent than the lower ionosphere; thus, the electron densities
increase more at midday in the lower than in the upper ionosphere, while immediately
before sunrise and immediately after suuset the upper portion increases in electron
density more due to a solar disturbance than the lower portion.

The second major effect from solar disturbances results from ionized
material that is thrown out from the sun and travels to the earth at a much slower
rate, actually reaching the earth sometime on the order of a day to a day and a half
after the visual sighting of the flare. This ionized mz=¢, sweeping across the earth,
distorts the magnetic field and produces variations in magnetic intensity. These
magnetic variations in turn affect the ionosphere, distorting and in extreme cases

rather thoroughly mixing it.

Indications of the first effect are given by the optical observation of flares,
their intensity, and the area of the sun that they cover. These are cataloged at
stations throughout the world. The magnetic disturbances are also observed at vari-
ous points throughout the world and their average is reported as the planetary three-
hour range magnetic index Kp that varies from 0 through 9. Many other effects of
solar disturbances are cataloged for special purposes, but flares and Kp’s are
fundamental and will be used in the subsequent comparisons. A long term indication
of solar activity is given by the value of the 12-month smoothed sunspot number.
This in itself is a somewhat awkward tabulation, and not fully representative of the
activity of the sun, but it has been in use for about 200 years and undoubtedly will
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be retained for many years more. It is also available as a daily number, and as
such does indicate solar activity which, in turn, can produce ionospheric disturbances
and so will be compared with the propagation results over the indicated path. The
two observed items that may most conveniently be correlated with these disturbances
are the mode availability and the MOF-JF. To normalize these factors, compar-
isons are made on the basis of each month as a reference and hourly on the basis of
available data. The values of the MOF-JF are given in terms of its standard devi-
ation ( o) referenced to the mean value of the MOF-JF for the month. This serves
to normalize all of the data involved regardless of the specific MOF's-JF's as they
vary with time of day, season, and sunspot numher. Actual values are tabulated in
the range from minus three standard deviations to plus three standard deviations;
this appears to adequately cover the actual ranges encountered. Availability of the
mode can only be given in terms of available or not available. K it is available,

the sigma value of the MOF-JF is within the range previously described. If it is not
available, the minus five standard deviation point is used as a graphical indicator of
this fact. The lack of information for 2 given time is indicated by the absence of

any mark for the time in question.

.

b. Comparisons of Natural Factors and Recorded Signals
(1) Tabular Presentation

The extent of work required to copy all of the graphical presentations
of the natural factors versus mode availability and MOF-JF availability statistics
has limited the graphical presentation to that for two months. A simpler, if less
spectacular presentation, is provided by Tables XIII through XXX. In these, the
information i8 provided in monthly groupings by date in vertical columns and by
hour horizontally. Each day-hour presentation includes in order: (1) mode avail-
ability and MOF using a standard deviation scale for the 2E mode, (2) mode avail-
ability and JF using a standard deviation scale for the 1F2 mode, (3) Kp » (4) sunspot

number, and (5) flares.
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The 2E mode is coded as follows:

The 1F2 mode is coded as follows:

S--3
-3-T--2
-2-U--1
-1-v- 0
0-w-1

1-X- 2
2-Y- 3
3-2

Kp values from level 4 through 9 only are included.

Sunspot numbers are designated as follows:

0 Oto 20 & 101 to 120
1 21to 40 6 121 to 140
2 41 to 60 7 141 to 160
3 61to 80 8 161 to 180
4 81 to 100 9 above 180

Flares of importance 2, 3, and 4 are so listed.

If an observation was made and no signal seen, the designation in

columns 1 and 2 is 0.
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(2) Comparison of Natural Factors with Mode Availability and MOF-JF Availability

In the following paragraphe, each table will be discussed in terms of comparison
and trends of mode availability and MOF-JF availability with respect to the basic
natural factors that have been selected: flares, Kp 's, and sunspot numbers.

In December 1965 (Table XII) no flares of level 2 or above are noted. The mag-
netic disturbances (Kp's) , with one exception on 1 December, did not cover a period
of ELIDA data collection. In this case the Kp was a level 4 and covered an extensive
period that overlapped the records obtained on this date. Nothing particalarly unusual
was noted in the 1F2 record. A drop to zero availability at 1000 EST cannot
definitely be laid to the magnetic disturbance which extended across the quite normal
2E observation.

In January 1966 (Table XIV) a level 2 flare starting about 1900 EST on 17 January
was accompanied by a quite high value of the MOF for the 2E mode and followed by a
dropout of the 1F2 mode; however, similar valucs for each mode are noted elsewhere
without flares. There is a coincidence, however, in that all three occurred together.
Sunspot numbers here are on the order of 690.

In February 1966 (Table XV) the only flares observed that even approximated any
importance were those in the early hours of 11 February, but the subsequent record-
ings of MOF for the 2E and JF for 1F2 do not appear abnormal. Overlaps of a level
4 Kp and recordings on 4 February also failed to make any change in pattern. The
magnetic disturbance that overiapped recordings on 22 February in midday appeared
to cause no particular changes. Level 5 Kp's that overlapped the recordings in the
early morning hours of 23 February matched dropout of the 2E mode at 0600 EST.

In March 1966 (Table XVI) the {irst disturbance to match is a level 4 flare in the
morning of 16 March. This might have been expected to increase the electron density
for that day but, while the record is quite good for both the 2E and the 1F2 modes, it
should be noted that on 9 March, for exactly the same period of time, an almost iden-
tical record was obtained. On 18 March a level 2 flare also appears ineffective. On
23 March, the magnetic disturbances varying from level 5 to 7 and back to level 4
throughout the day and the level 2 flare at the end of recording time are matched with
the dropouts for both the 2E and the 1F2 mode. On 28 March, an all-day set of mag-~
netic disturbances followed by a level 2 flare at the end of the day are matched and
followed with some dropouts for both modes.
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FACTORS, MARCH 1966
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In April (Table XVII) a Kp of 4 on 1 April is matched by a dropout of the 1F2
mode at 1100 EST. A flare occurring shortly after noon during the time of the same
level of Kp is now matched by a quick increase of the 1F2 that holds until the end of
the recording time for the day at about 1600 EST. The only other match between the
recordings and natural factors occurs on 15 April when an early morning flare is
followed by observations that start at 0800 EST and show no abnormal characteristics.

In May (Table XVIII) an importance 2 flare on the morning of the 2nd preceding
recording which show nothing distinctive for the 1F2, but there was a higher-than-
normal 2E mode a few hours later. Again, it should be noted that at several other
times {n the same month similar slightly higher-than-normal 2E mode values show
up without flares. The next coincidence of recordings and natural factors occurred
on 26 May when Kp's ranging from 4 to 7 appear to have no effect on either mode. On
31 May the Kp values of 5 in the late afternoon are followed by hig!ier-than-normal
nighttime 2E mode MOF's.

In June 1966 (Table XIX) the first occurrence of a natural factor that was coinci-
dent with a data collection period is on the 23rd. Here, Kp's of level 4 apparently
have had no effect of importance. Two flares shortly before noon on 27 June and again
at about sunset are followed by improved 1F2 level and then by a drop, respectively.

A somewhat cleancut termination of the 2E mode at sunset also occurs.

A flare occurring on the morning of 1 July appears to nave had no effect on either
mode (Table XX). A magnetic disturbance on the morning of 8 July is accompanied by
a dropout of the E, but a level 2 flare during the forenoon appears to have no effect.
The magnetic disturbance on 27 July has also had no effect.

In August 1966 (Table XXI) a magnetic disturbance of Kp 4 on the 6th is
accompanied by a